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FOREWORD 
This final report  documents the results of a 13-month, three-phase 
effort t o  design, develop and furnish equipment to render and integration 
and moderization of an existing computerized welding skate with CCTV Arc  
Guidance. 
Angle Manipulator to  a revision B configuration; and the design, develop- . 
ment and integration of an adaptor kit t o  accommodate remote CCTV viewing 
of the weld area.  This effort was performed under Contract NAS8-24638 by 
Lockheed's Huntsville Research & Engineering Center for the National Aero- 
nautics and Space Administration, George C. Marshall Space Flight Center, 
Alabama. 
1970 by Lockheed/Huntsville's Systems Engineering department, Mr. A. S. 
Dunbar, Manager. Project Engineer was Mr. R.  B. Wysor, Supervisor, 
Advanced Development section. 
ment efforts w a s  Mr. K. W. Heimendinger, who was assisted by Messrs.  
M. C. Krause and N. 0. Wages for analysis and drafting efforts. 
efforts were under the supervision of Mr. R.A. Wyman. 
The essential tasks involved modification of an  existing Torch 
Work was performed during the period 2 June 1969 through 1 July 
Lead Engineer for the design and develop- 
Fabrication 
Contracting Offices's Representatives for this program w e r e  Mr. Roy A. 
Taylor, Principal, and Mr. Wi l l i am A. Wall, Jr., of the NISFC Science and 
Engineering , Manufacturing E nginee ring Laboratory. 
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SUMMARY 
Preliminary de sign of the Closed - Cir cuit Television Guidance Adapter 
Kit was completed. The kit consists of four subsystems: (1) an illumination 
head; (2) viewing optics and illuminators; (3)  proximity control system; and 
(4) wire-feed mechanism. The total kit weighs approximately 12.9 pounds of 
which 6.5 pounds a r e  suspended on the torch angle manipulator. This load is  
not expected to  cause any appreciable change to  the existing servo systems. 
Illumination of the weld seam is provided by a split-bundle flexible light 
guide with 0.32 c m  (1/8 in,) diameter legs (illuminators). 
the illuminators is adjustable between 5.08 c m  (2 in.) and 8.25 cm (3-1/5 ino), 
The illuminators provide at least 1200 centerbeam footcandles at 5.08 c m  
(2  in.) distance from the illuminator. 
the illuminators in constant proximity to the work surface while following a 
15.24 cm (6 in.) minimum weld radius at a maximum welding speed of 127 c m  
(50 in.) per minute. 
The distance between 
The adapter kit is capable of maintaining 
The viewing optics utilize a single 90-degree viewing p r i s m  and lens to 
view the 5.08 cm (2  in.) by 8.89 cm (3-1/2in.) viewing area. 
single imagescope bundle, in a very flexible covering, to interface the objective 
lens mounted on the illumination head to the closed-circuit television camera 
mounted on the skate, 
resolution of 50 line pairs  per  millimeter. 
i ts  flexible cover reduces the packing problem and cost of replacement. 
The kit utilizes a 
The total viewing optic system provides a minimum 
The single imagescope bundle with 
The provimity control system utilizes a sensor capable of - t 5 mm 
(0.002-in.) tolerance when located 0.25 cm (0.100 in.) from the work surface. 
The sensor, together with a lightweight direct  current micromotor mounted on 
the illumination head, provides precise  proximity positioning of the illumina - 
to rs  and viewing optics. 
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Hardware modifications to the existing torch angle manipulator (Modifi- 
cation B) and the wire-feed mechanism a r e  relatively minor. 
torch beam and longer beam pivot pin a r e  necessary to provide proper mount- 
ing for the illumination head support and wire-feed guide support, 
preloaded bearing arrangement is used to reduce tracking instability and 
vibration. 
torch mount 5.72 c m  (2-1/4 in.) and to allow the wire-feed mechanism to be 
mounted below the torch. 
mainly of a modified guide and tip. 
the same radius as the standard (45-degree bend) with a tip that is twice as 
long a s  the standard 1.90 cm or 3/4 in. The longer tip reduces the wire 
curvature being fed to the torch. 
The thicker 
A double 
The wire-feed guide support is longer to allow the lowering of the 
The wire-feed mechanism's modifications consist 
The guide utilizes a 153-degree bend with 
This design provides a near optimum adapter kit for adapting the Closed- 
Circuit Television Arc Guidance System to the torch angle manipulator and i s  
the basis for the final design. 
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Section 1 
INTRQDUC TIQN 
The expense of holddown tooling for welding double-contour par ts  and 
the need for automatic precision welding on the Saturn-IC booster multicell 
tanks led to the development of a computerized welding skate by NASA/MSFC 
Manufacturing Engineering Laboratory (MEL). Other research by NASA/ 
MSFC/MEL led to the development of a Closed-Circuit Television (CCTV) 
Arc Guidance System. The integration of these two systems would provide 
a precise and completely automatic method for welding contoured surfaces. 
The system would be practical and the need for backing tooling and precise 
skate alignment would be eliminated. 
The computerized welding skate and the CCTV Arc Guidance System 
have both been proven at MSFC Manufacturing Engineering Laboratory. 
the te rms  of this contract, Lockheed has developed a CCTV Arc Guidance 
Adapter kit for the computerized w’elding skate to meet the requirements of 
MSFC Specification MR&T-SK-1214 (Ref. 1). The kit provides an illumina- 
tion head (light source and CCTV camera viewing optics carr ier) ,  imagescope 
for remote viewing of the weld seam by the CCTV, precise control of the 
illumination head, and modifications to the cold-wire feeder and welding head 
manipulator for integration with the Adapter Kit  and Torch Angle Manipulator. 
Under 
In this report, Section 2 contains the system description of the CCTV 
Arc Guidance Adapter Kit. Sections 3 and 4 contain the considerations and 
analysis of major components used in the design. 
modifications required for the Revision B Torch Angle Manipulator and the 
changes necessary to adapt the kit to the torch angle manipulator. 
of the system checkout and evaluation is presented in Section 6 .  
and recommendations a r e  presented in Section 7. 
Section 5 describes the 
Discussion 
Conclusions 
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Section 2 
SYSTEM DESCRIPTION 
The system described herein is the CCTV Arc Guidance Adapter Kit  
developed for the computerized welding skate. 
source and viewing optics platform), viewing optics, proximity control system, 
and cold-wire feeder compose the four major subsystems. 
system is shown in Fig. 2-1. 
fabricated in this program are  shown in  Figs. 2-2  through 2-6. 
photographs the components a r e  mounted on a metal fixture simulating their 
relative locations on the welding skate (Fig. 2-1). Although each subsystem 
is discussed separately in the following sections, their combined interaction 
causes the guidance system to function properly. 
torch-head manipulator needed in addition to  Modification B a re  discussed 
in Section 5. 
The illumination head (light 
The assembled 
Photographs of the hardware developed and 
In these 
Modifications to the existing 
2.1 ILLUMINATION HEAD 
The illumination head serves  primarily as a platform for the light 
sources (illuminators) and viewing optics. 
a constant distance from the work piece in order to provide proper seam 
illumination. 
illuminated seam. 
a fixed distance from the seam. 
configuration in relation to  the viewing optics and then maintaining the illumi- 
nators a t  the proper distance from the seam, both jobs a r e  accomplished with 
a single platform and single control system. The illumination head also serves  
as a platform for the proximity sensorsI and the dc gearmotor and drive system. 
The illuminators must maintain 
The viewing optics must maintain a constant focus on the 
This is accomplished by maintaining the illumination head 
Thus, by mounting the illuminators in a fixed 
- 1  
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The illumination head, Figs.  2-1  through 2-4, is a plate which rotates 
-29 deg to t 1 6  deg about a center of rotation 2.04 c m  (l3/16in.) forward of the 
point of rotation of the torch head. 
of the torch head. 
stant proximity from the work piece for all specified conditions. 
minimum work curvafxre radii  (Ref. I) of 15 cm ( 6  in.) when the torch is located 
on the convex side of the work and of 30 can (12 in.) when the torch is located 
on the concave s ide of the work as shown in Fig. 2-1. 
rotate - t 40 deg so a s  LO remain perpendicular to the work surface while for -  
lowing the work curvature. 
tion and travel to the stop. 
voltage to  the motor and prevent damage to the drive system. 
The illumination head rotates independently 
This is necessary so that the i 
This includes 
The torch head wi l l  
However, the torch head can travel + 40 deg rota- 
Limit switches may be provided to interrupt drive 
- 
The illumination head support ( f ig .  2-4) mounts to  the torch beam and 
rotates with the torch. 
outer radius for the drive belt and a 45-deg cam ro l  The illumination 
head is suspended from the support platform by two grooved idlers and a spring 
loaded roller. 
and power transmission, is loaded laterally in shear between the support g 
and the idler grooves. 
three suspension points. 
This support platform has a groove along its 6-in. 
r guide. 
The drive belt, which performs the two-fold function of support 
The roller is adjustable to  control the load between the 
Under certain eccentric Boading conditions the idlers may tend to  pull 
off the drive belt, therefore Veepel* suppo t washers a re  provided as a safety 
backup. Friction losses  a r e  minimized by the use of ball bearings on all shafts. 
The drive belt is ooped around the 1.90 cm (3/4 in.) drive pulley and 
belt tension adjustment is provided. attached to the illuminator support, 
The drive gear is driven by a dc micromoto 
through a set  of bevel gears. 
but minor backlash in the reduction gear 
is mounted rigidly to  the illuminator hea 
Type 050/010 (Appendix A) ,  
The use of the drive belt system eliminates all 
d the bevel gears, The gearmotor 
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Two illuminators a r e  provided a s  shown in Figs. 2-1 and 2-4. The 
aft illuminator located 2-54 cm (1 in.) from the torch is the primary illumi- 
nation source for the guidance system, 
from 5.08 cm (2  in.) t o  8.25 cm (3-1/4 in.) from the aft illuminator. 
used a s  an alternate guidance source when the work piece is tack welded 
prior t o  final welding. 
to  span the length of the tack weld. 
The forward illuminator adjusts 
It is 
The adjustment between illuminators is  necessary 
The two illuminators (Figs 2-1 and 2-4) a r e  an integral part  of a split- 
bundle flexible light guide six feet long, with two 0.318 cm (1/8 in.) diameter 
legs. The split bundle, together with a standard commercia’ly available 
illumination source’ (Figs, 2-2 and 2-3), provides proper light intensity. 
Illumination intensity f rom such a system is 1200 centerbeam footcandles 
minimum, measured 5.08 cm (2 in.) f rom the end of each of the 0.318 c m  
diameter legs. 
a 75-deg bend. 
for proper illumination. 
camera on the welding skate yoke. 
the imagescope. 
given in Appendix B. 
The 0.318 cm diameter legs a r e  metal clad at  the ends with 
This provides the specified incident angle on the weld joint 
The illumination source mounts above the CCTV 
The flexible light guide is routed along 
Detail specifications for  the twin illumination sources a r e  
2.2 VIEWING OPTICS 
The viewing optics for the CCTV Arc Guidance Adapter Kit monitors a 
5.04 cm (2 in.) x 8.9 c m  (3-1/2 in.) seam area  2.22 cm (7/8 in.) in front of 
the torch. 
the lens and mir ror  centerline 12.1 c m  (4.75 in,) f rom the work surface, 
provides the proper object distance and continuous focus of the viewing area. 
Other pertinent dimensions and specifications which were developed during 
this program a r e  given in Appendix C. 
Mounting the viewing optics rigidly to  the illumination head, with 
.I. -r 
American Optical Company, Model K- 
2 -9 
TSVILLE RESEARCH (%I E 
LMSG/HREC D162545 
The viewing optics, as shown in Figs. 2-1 through 2-5, consists of a 90- 
deg viewing mir ror ,  an adjustable objective lens, and a single-bundle image- 
scope four feet long. 
with the "D" lens mount of the CCTV camera a s  shown in Fig. 2-3. 
dard single-bundle fiberscope provides a resolution of 45 to 50 line pair per  
mm and adapts to the specified 8-mm format. It a lso offers lower replace- 
ment cost should the original imagescope be damaged. 
covering is a flexible Teflon convoluted hose covered with nylon braid. 
relay lens end of the imagescope provides a one-revolution adjustment for 
orienting the viewing a rea  image properly with the camera. 
able lens on the viewing a rea  end has a focus adjustment and 2 lens opening 
ad jus tment. 
Also, a relay lens and adapter interfaces the imagescope 
The stan- 
The imagescope 
The 
Also, the adjust- 
The CCTV camera is a General Electrodynamics ED 6038A television 
The camera instrumentation camera with a 12.7 mm (1/2 in.) vidicon head. 
is 3.81 c m  (1-1/2 in.) 0.d. x 13.2 c m  (5-3/16 in.) long, excluding the lens, and 
weighs 0.4 kg (14 oz). The adapter is threaded t o  conform to the "D" mount on 
the camera. 
the image from the imagescope to the vidicon head. 
on a rugged frame on the welding skate yoke as shown in Fig. 2-1 and simulated 
in Fig. 2-3. 
A relay lens attaches to the adapter and the imagescope to focus 
This assembly i s  mounted 
2.3 PROXIMITY CONTROL SYSTEM 
Figure 2-7 shows the proximity control system block diagram. An 
Electro Products Model 494'941 miniature proximity sensor and modified Model 
55.121 proximity amplitier provide an analog signal voltage. (See Appendix D.) 
This voltage is used to  position the illumination head. 
(Figs. 2-1 and 2-4) is rigidly connected to the forward illuminator. 
both have the same 2-in. to 3-1/4-in. adjustment from the aft illuminator. 
sensor and the illuminators maintain a position of 0.100 in. f rom the work surface. 
Signal amplification and power necessary to drive the dc motor are provided by 
@amp Laboratory's operational amplifier Model 420 and power supply Model 
523. 
The proximity sensor 
Thus, they 
The 
A double-ended Micro-Mo 050/010* dc motor with an 05/2" (485:l) slip-on 
.r, -6- 
See Appendix A. 
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reducer on one shaft and an 057/004 tachogenerator on the other provides the 
power to the drive gear on the illumination head and the rate feedback necessary 
for proper servo control. 
diamter by 39.7 mm long, including the tachogenerator. Thus, it mounts 
directly on the illumination head and uses bevel gears to govern the drive 
gear. 
The gearmotor is lightweight and measures 19 mm 
2.4 WIRE-FEED MECHANISM 
The Airco Model HMF-A-2304-0 300 wire-feed mechanism is properly 
positioned with respect to the torch in order to feed the wire Thto the weld. 
This positioning required modification t o  the location of the feed mechanism, 
as well as to the feed mechanism itself. As shown in Figs. 2-1 through 2-6, 
the wire-feed mechanism is located below the compensator beam and the torch 
mount,, The wire-feed guide feeds the wire to the torch at the specified 18-deg 
angle on the side opposite the illuminators. 
ference. 
torch remains constant for all maneuvers of the torch. 
provides fine positioning adjustments a s  does the standard feeder. 
gauge wires (routed along the fiberoptics) connect the wire-feed motor to the 
skate terminal board. 
by the heavy gauge industrial wire. 
the terminal board t o  the wire-feed controller. 
(Appendix E) has a 3-in. radius bend, the same as that of the standard guide. 
The modified guide contains a 160-deg bend, while the standard contains only 
a 45-deg bend. The tip of the modified guide is twice as long a s  the standard 
tip to reduce optic interference. 
finishing the wire-feed guide and tip with a flat black finish. 
This minimizes illumination inter- 
The position of the wire-feed mechanism and guide relative to the 
The modified feeder 
Small 
This eliminates the loading on the wire-feed mechanism 
The heavy gauge industrial wire  connects 
The modified wire-feed guide 
Reflective interference is minimized by 
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Section 3 
OPTICS CONSIDERATIONS 
The illumination and viewing optics systems were anticipated to be a 
straightforward design problem. 
viewing lenses to view the total viewing area.  
bundle fiberscope enhanced this concept and reduced the CCTV camera inter-  
face problem. 
of the illumination head, however, were not compatible with the bulk and 
stiffness of the split-bundle fiberscope. 
and an engineering conference with an optics vendor a workable system was 
obtained a s  described in Section 2. 
The original concept centered around two 
A readily available split- 
The confined working envelope and required maneuverability 
After numerous telephone discussions 
3.1 VIEWING OPTICS 
The viewing optics required a resolution of 50 line-pairs per mm mini- 
mum, an  8-mm format, and the ability to view a 5.1 cm x 8.9 cm seam area.  
The size of the viewing a rea  with the confined working space suggested two 
possible approaches - prisms (or mi r ro r s )  or fiber optics. 
were to  use two lenses to view the seam area.  
Both techniques 
The pr i sm system, as shown in Fig. 3-1, was abandoned after study 
showed that: 
1. Object distances and focal lengths of available optics were 
not compatible for obtaining an  adequate system for the CCTV 
to view. 
2. There was not adequate room for mounting the CCTV camera 
ow the torch-ang e m a n i p u ~ a t o ~ ~  
3. Motion compensation would be more complicated if  viewing 
field distortion was  t o  be eliminated. 
3-1 
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The second technique, as shown in Fig. 3-2, utilizing two lenses with 
fiberscopes was pursued. 
order (approximately $5000 each) and ideal for use with the two-lens 
This allowed the camera to be mounted on the skate. 
object distance of 5 cm that were compatible with the fiberscope were not 
available; however, two compatible lenses with object distances of 10 c m  were 
found. 
impossible unless a 90-deg bend within the envelope could be accomplished. 
The minimum bend radius of the fiberscope coupled with the fixed dimensions 
of the optics prevented this. The fact that there were two of everything to  be 
fitted in the small  envelope complicated the problem. 
A split-bundle fiberscope was available on special 
technique. 
Standard lenses with an 
Positioning the optics and fiberscope within the working envelope was 
A workable system was finally developed which utilizes some of the con- 
cepts f rom both original approaches. 
mi r ro r  rigidly mounted to  the illumination head 12 cm from the work surface, 
a single wide-angle lens, a single, four-foot, fiberscope bundle, a relay lens, 
and a C-D mount adapter to  adapt the 16 mm system to the 8 mm CCTV camera. 
This system has a minimum resolution of 50 line pairs per mm, a 16 mm for -  
mat  which allows the camera to  view the total 2 in. x 3 -1/2 in. seam a rea  and 
automatically maintains focus on the light spots. 
packaging within the available working envelope and a low replacement cost 
($2200) should the original fiberscope be damaged. 
It consists of a single 90-deg viewing 
It a lso offers simplicity in 
It was also determined that the fiberscope needed a more flexible covering 
This reduces than that offered by the standard braided stainless -steel covering. 
the torque loading on the illumination head.. Many coverings were investigated. 
The one chosen is a convoluted Teflon hose with nylon braid. This affords both 
the flexibility and the protection needed. Specifications for the finalized design 
a re  presented in Appendix C. 
for this system. 
of minimum costs. 
A t  least three suppliers were found qualified 
The Bendix Irnagesco e System was  selected on the basis 
Tes t  results of this system a r e  described in Section 6 .  
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The CCTV camera and relay fens attached to the imagescope a r e  mounted 
as an assembly in an aluminum framework. 
the welding skate frame just  over the torch proximity drive screw. 
tion and location, as shown i n  Figs. 3-3 and 2-1, was selected to  minimize 
weight and bending loads on the illumination head through the full range of angle 
and displacement adjustments. 
minimize loads in the camera, relay lens and imagescope connections by using 
aluminum saddle blocks for the camera and imagescope ends. 
and 2-3.) 
This assembly is mounted on 
This orienta- 
The mounting arrangement was designed to 
(See Figs. 2-1 
3.2 ILLUMINATION SOURCES 
Proper  illumination of the seam requires a minimum light intensity of 
1000 centerbeam footcandles a t  a distance of 5.1 cm (2 in) f rom the end of the 
source. 
(2 in) to  8.9 c m  (3-1/4 in.). 
The distance between light sources must be adjustable f rom 5.1 cm 
The possibility of using lens tip incandescent lamps on the illumination 
head was  investigated. 
rated end candlepower of 3800 to  5000 footcandles were tested. 
operated at rated voltage of 16V to  48V. 
proper incident angle, custom-made image conduit with a 75-deg bend must 
mate to  the lamp. To replace a burnt-out lamp, the image conduit must be 
locked firmly in place and not be bonded to the lamp. This imposes packaging 
problems since the lamps a re  large and do not have close tolerances on length. 
Thus, they would have to  be completely enclosed in a large custom-made 
holder. 
hot. 
tance be tween sources 
Several commercially available tungsten lamps with 
They are 
To use these lamps and maintain the 
The concentrated power inside the holder would make it excessively 
This would be apparent on changing a burnt-out bulb or  adjusting the d i a -  
The present technique in use, fiberoptic light guides, was also investi- 
gated. 
legs offers the best system. 
A split-bundle light guide 1.83 m (5 ft) long with two 3.18 mm (1/8 
See Fig. 1 of Appendix €3. Used together with a 
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L Wire Feed 
Mechanism lurnination Head 
(2  lightguides and viewing optics) 
Fig. 3 - 3  - Computerized Welding Skate with CCTV Arc Guidance 
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single illuminator, it offers a variable intensity up to  1470 center-beam foot- 
candles (Fig. 3-4) when measured 5.1 crn from the end of the light guide. The 
two 3.18 m m  legs have metal-clad ends, each with a 75-deg bend. Thus, a 
simple clamp holds the light guide in place. 
on the skate above the CCTV camera, with the same orientation. 
guides a re  easily routed out of the way with the CCTV fiberscope bundle. 
The light source wi l l  be mounted 
The light 
Several vendors for the twin illuminator sources a s  specified in Appen- 
dix B were found qualified. 
Company which supplied a fiber optic twin light guide for assembly with their 
Model K-150 light source. This system performed very satisfactorily in the 
final system checkout. 
The vendor selected was the American Optical 
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Section 4 
CONTROL SYSTEM ANALYSIS 
The analysis of the control system was divided into three tasks: 
(1) determine actuator requirements to  drive the illumination head; (2) choose 
a dc motor with proper reduction gear ratio (gear motor) to drive the actuator; 
and (3)  choose a proximity sensor system with adequate control power to  drive 
the motor. 
4.1 ACTUATOR DESIGN 
To find an actuator to  drive the illumination head, it i s  first necessary 
to determine the center of rotation and the amount of rotation of the illumina- 
tion head, The illuminators must maintain a constant proximity to  the work 
for a minimum work curvature radii of 15 c m  (6 in.) when the torch i s  located 
on the convex side of the work as shown in Fig. 2-1 and of 30 cm (12 in.) when 
the torch is located on the concave side of the work a s  shown in Figs. 2-1 and 4-1. 
The maximum amount of rotation occurs between the concave radius and the 
convex radius when the illuminators a r e  fully extended (3-1/4 in. apart). 
This is shown in Fig. 4-1. 
located 13/16 in. in front of the torch. 
tion head rotates -25 deg. 
rotates +12 deg. 
of safety for the illauninators and the drive system. 
The center of rotation of the illumination head is 
For  the convex radius, the illumina- 
For  the concave radius, the illumination head 
Rotation allowances of -29 deg to f 1 6  deg provide a margin 
A cam slot in the illumination head support (Fig. 2 - 1 )  provides the + 16 
deg to -29 deg rotation about the proper center of rotation. 
mination head with minimum mechanical lossp a /4-in. diameter linear 
actuator (ball screw) was investigated, 
axis of the linear actuators must lie tangent to  the a r c  traced by the point 
where the actuator connects to the illumination head, 
To drive the illu- 
To prevent mechanical binding, the 
This required position 
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i 7 12 in. R a d  
Illuminator Head 
Center of Rotation 
Fig.  4-1 - Welding Adapter Viewing 
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plus the length of the linear actuator to drive the illumination head to the 
-29-deg extreme results in a length of actuator extending 5 in. in front of 
the illumination head when welding a straight surface. 
between the fiberscope and the actuator would result. Such interference 
would lead to catastrophic damage to one or both. The viewing optics orien- 
tation cannot change i f  the optics a r e  to stay within the limits of the working 
envelope, 
type actuator found. 
mechanical binding or  create interference problems. 
actuator was needed. 
Direct interference 
Thus, either the linear actuator had to  be repositioned o r  a new 
Repositioning the linear actuator would result in 
Thus, a new type of 
The rotation of the illumination head about a center of rotation lends 
itself t~ a gear actuator. 
pulley. 
attached to the illuminator support. 
backlash and also provides a load transfer member. 
by a dc motor through a set  of bevel gears. 
This is provided by a positive drive belt and geared 
A three-point suspension consisting of two grooved idler pulley and 
The drive belt has almost negligible 
The drive gear is driven 
4.2 GEAR MOTOR REQUIREMENTS 
Determining the response time, torque and speed of rotation necessary 
t o  drive the illumination head was the first step in selecting the proper gear 
motor (dc motor with slip-on reduction gears). The design proximity tolerance, 
6 ,  assumed to maintain the optics in proper focus is t0.020 in. This tolerance 
should not impose design problems for the optics system and should be reason- 
able for the illuminator head control. system. 
maintain this tolerance at a maximum welding speed of 50 in./min (Ref. 2) i s  
found from Fig. 4-2 and as follows: 
- 
The response time necessary to 
- 00491 = 0.590 sec 
vw At = 
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R 
adiu s 
Work Surface 
6 -in. minimum 
(Convex) 
5 98 
R 6.00 cosp = y = -= 0.966 for 
Fig. 4-2 - Proximity Tolerance to  Maintain Focus 
The loads on the system .are composed of friction, inertia and bending moment. 
The bending moment is induced by the stiffness of the casing of the fiberscope, 
The weight of the illumination head is 3.5 lb which effects the system through 
the friction loading only. 
the illumination head requires a torque of 4.5 in.-oz output from the gear motor. 
To overcome this friction of the system in moving 
The maximum rotation speed occurs under worse case conditions; i. e. 
the system welding at maximum weld speed abruptly changes from a 12-in. 
concave surface to a 6-in. convex surface (see Fig.4.1 ). The illumination 
head begins to rotate at the tangent of the curves, while the torch travels an 
additional 22-deg a r c  of travel in 5.53 sec before reaching the tangent point. 
Thus at  50 in./min maximum welding speed, the illumination head must rotate 
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a t  a rate of 7.98 deg/sec from 
44.2 deg max. rotation 
5.53 sec = 7 e 9 8  deg/sec 
( I ) =  
Also, the corresponding gear motor output must be 21.3 rpm. 
Attaching the gear motor directly to the illumination head and drive 
gear eliminates the need for a flexible drive and a mounting location on the 
skate. 
is an Escap 15 micromotor with type C-15 metal slip-on reduction gears. 
The motor with a 485:l gear ratio cam provides 19.4 in.-oz output at  18.5 rpm. 
The inertia torque of the system with this gear ratio is  1.75 x 10 
from the following equation. 
To accomplish this requires a small-size motor. Such a gear motor 
-4 in.-oz 
3 
I (Vw&)(C;. R. ) 
R sin h g . )  
T =ICY = 
This torque has a negligible effect on the starting t ime of the motor, which is 
0.06 sec. 
The Swiss-made, precision, gear motor requires 2 Vdc at  0.5 amp 
maximum (1 watt), weighs 2.6 oz and costs less  than $35.00. 
17.2 in. -02 available from the motor is capable of handling 220 in. -02 bending 
moment about the illuminator head center of rotation. 
reasonable allowance for torque induced by the fiberscope hardware. 
The additional 
This a.ppears to be a 
4.3 SENSOR AND ELECT ONICS SELECTION 
The control system performs properly if  the proximity sensor has the 
required sensitivity and response. Although 360 degree -of-freedom rollers 
can do the job, the electronic proximity sensor is preferred. Not only is it 
more sensitive and faster in response, but it does not have to be in contact 
with the work piece. Thus, workpiece preparation is minimized. 
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Such an electronic proximity sensor is the Electro Products model 
4947A miniature proximity sensor, together with the Model 55.121 proximity 
control amplifier. 
long. 
mately 10 t imes the required sensitivity. 
proximity control amplifier must be used to  energize the sensor. 
vides a control relay. 
since this system requires proportional voltage control to the motor to main- 
tain the - t 0.002-in. tolerance. 
this. Modifying the model 55.121 control amplifier by tapping the analog con- 
t ro l  voltage to  the relay switching transistor provides an analog voltage signal 
of 0.16 Vdc to  2.71 Vdc. However, the current available is only tenths of a 
milliampere whereas the motor requires 500 milliamperes maximum. Using 
an operational amplifier with power supply similar to  @amp Labs Model 415 
and Model 523, respectively, provides sufficient power to the motor. Cost of 
the operational amplifier and power supply is less  than $60.00 total. 
The proximity sensor is l/4-in. diameter and 1 -l/2-ina 
Its sensitivity is - tO.002 in. at 0.100 in. f rom the work which is approxi- 
Unit cost is less  than $25.00. The 
It a lso pro- 
The control relay does not provide adequate control 
Only an analog signal voltage can accomplish 
4.4 STABILITY ANALYSIS OF THE PROXIMITY CONTROL SYSTEM 
A stability analysis of the proximity control system in the CCTV Arc 
Guidance Adapter Ki t  a s  described in the Phase I report (Ref. 3) was performed. 
The analysis shows that a limit cycle may be expected from the proposed 
loop. 
eliminates the limit cycle characteristic. 
improved linear characterist ics with 0.0667 sec a s  the longest t ime constant. 
The addition of appropriate tachometer feedback to the control loop 
The compensated system exhibits 
4.4.1 Analysis Without Tachometric Feedback 
The proposed control loop may be represented in block diagram form as 
shown in Fig. 4-3, 
gear as well as in the bevel gear, and the total backlash width is 0.0112 radians, 
As previously implemented, backlash exists in the drive 
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The proposed drive system will decrease the backlash in the gears to 0.00291 
radian. 
may be combined to  form the composite nonlinearity shown in Fig. 4-4. The 
resulting plot of the linear system transfer function and the negative inverse 
of the describing function on a Nichol's chart a r e  shown in Fig. 4-5. 
a limit cycle is predicted at a frequency of about 70 rad/sec, with an ampli- 
tude at the input t o  the backlash of 5a = 0.00725 radian (a = 0.00145 radian). 
The output waveform would, therefore, be approximately 0.00135 radian in 
magnitude. To avoid an intersection without compensation, a gain reduction 
in the forward loop of 36 dB or more is required. 
eliminate the limit cycle since any deviation from the nominal parameter  
values assumed could cause the system to limit cycle. 
be added to  reshape the locus with a smaller decrease in gain required. 
ever, the lack of assurance that a limit cycle would not exist makes this 
approach less  desirable than the one that follows. 
To perform an  analysis for limit cycles, the backlash and limiter 
As shown, 
This would not necessarily 
An RC network could 
How- 
4.4.2 Tachometric Feedback 
If tachometric feedback is  introduced a s  shown by the dotted portion of 
Fig. 4-3, properly choosing the tachometer gain will  assure  the absence of a 
limit cycle. If the control zero resulting from the tachometer occurs at a 
lower frequency than the pole of the transfer function of the motor, the re- 
sulting frequency locus is always to  the right of the -90-deg asymptote of 
the negative inverse describing function, as shown in Fig. 4-5. 
portion of the system (neglecting the limiter temporarily) has the transfer 
function 
The linear 
G ( 5 )  = 
s(s t 15.24) C 
Therefore, in order to  be assured of the absence of a limit cycle, it is suffi- 
cient to require that 
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v. (volts) in 
2a = 0.00291 
2b = 0.00755 
2c = 0.00173 
n, = 431 
Fig. 4-4 - Equivalent Nonlinearity for U s e  in  Describing Function Analysis 
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Without Rate 
Fig. 3 - 5  - Nichol's Chart of Nonlinear System 
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- 431 15.24 
a 
or 
431 
15.24 <y > -= 28.3 volts/rad/sec 
= 2960 volts/lOOO rpm 
An operational amplifier will thus be necessary,  since the sensitivity of avail- 
able tachometers is less  than 5 volts/1000 r p m  In particular, a tachometer 
with an output of 3 volts/lOOO rpm could be used, together with an operational 
amplifier (or amplifiers) having a gain of 1000. 
minimum value of rate feedback and corresponds t o  a control zero at  s = -15. 
The resulting overall system is shown in Fig. 4-6. 
function is 
This represents the near 
The linear system transfer 
11580 
s 2  t 786s t 11580 
and the denominator yields an overdamped response, the factored result being 
11 580 
( s  t 15) (B t 771) 
The longest t ime constant of the system is thus 1/15 sec = 0.0667 sec, 
starting t ime constant of the motor is 0.0570 sec. 
The 
For physical system implementation, the question a r i ses  concerning 
where t o  return the tachometer voltage that is obtained a t  the input to  drive 
gear. 
actually a single unit, the tachometer voltage, suitably amplified, must be 
returned to a summing point a t  the input to the power amplifier. In order 
t o  be sure that the dc motor is not driven beyond its operation range, the 
output of the power amplifier will be limited to  - + 2  volts. 
Since the proximity sensor and the proximity control amplifier a r e  
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Fig. 4-6 - Rate Feedback Compensated System 
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Section 5 
MECHANICAL ANALYSIS 
The CCTV Arc Guidance Adapter Kit for the existing Modification B 
Torch Angle Manipulator and Skate was analyzed to determine the effects on 
the existing servo system and any necessary changes to  the existing hardware. 
5.1 SERVO SYSTEM EFFECTS 
Table 5-1 presents a summary of the increased loading on the existing 
servomotors caused by the weight and configuration of the adapter kit. The 
servomotors on the manipulator a r e  affected by the 104-02 weight of the 
adapter kit. The increased friction and torque on the skate motor is induced 
by the 104-02 eccentric load of the adapter kit plus the weight of the CCTV 
camera and illumination source mounted on the skate. 
206 02. 
small enough that their effect on the servomotors should be negligible. 
This total weight is 
The increased torque loads on the manipulator servomotors are 
Table 5-1 
INCREASED SERVOMOTOR LOADING 
Motor 
Skate 
Cross -Seam 
Mani pulat o r 
Torch-Angle 
Manipulato r 
Torch Actuator 
We i ght Moment Added I Induced Friction 
Not 
Computed 
nil 
nil 
nil 
Total Increased 
Motor Torque Load 
Additional torque 
induced by 206 oz 
eccentric load 
1.15 in.-oz 
0.91 in.-oz 
2.30 in.-oz 
* 
Includes 104-oz adapter kit plus GCTV camera,  illumination source, partial 
fiberscope weight, and CCTV camera adapter and relay lens. 
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5.2 HARDWARE MODIFICATIONS 
Modification B was accomplished as per  NASA drawings and specifica- 
tions. 
zontal plane by use of 90 degree bevel gears, and incorporates the use of a 
ball screw linear actuator for torch angle manipulator drive. One noteworthy 
exception to the Modification B specification is in material substitution a s  per  
Appendix F and corrected on the NASA drawings. 
were more readily available and were sufficiently equivalent in physical 
characteristics. 
See Fig. 5-1. Modification B reorients the gear motors in the hori- 
These material substitutions 
Modifications to the existing torch angle manipulator (Modification B) 
include the torch beam and beam pivot pin, the torch mount, and the wire-feed 
guide support. 
beam and thus a longer beam pivot pin. 
the wire-feed guide support and the illumination head support. 
loaded bearing arrangement is used to provide a more stable platform support. 
The physical size and required locations of the illuminators and viewing optics 
necessitate the lowering of the torch mount 2-1/4-in. below its original position. 
Lengthening the wire-feed guide support accommodates the lowering of the torch 
mount. 
the torch. 
The increased load of the adapter necessitates a thicker torch 
The new torch beam accommodates 
A double p re -  
It a l so  allows the proper positioning of the wire-feed mechanism below 
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Section 6 
SYSTEM CHECKOUT AND EVALUATION 
6.1 ADAPTER-IMAGESCOPE EVALUATION 
Upon receipt of the viewing optics f rom the vendor, an acceptance tes t  
was performed. 
Fig. 6-1 and were returned to  the vendor. 
areas .  
prescribed application. 
prescribed 6038A CCTV camera. 
not be connected to  the camera system t o  see if the prescribed viewing area 
could be seen. 
The viewing optics did not meet specifications as shown in 
There were two major problem 
The imagescope cover (braided stainless steel) was too stiff  for the 
The CCTV camera adapter did not mate with the 
As  a result of the latter,  the system could 
Another acceptance test was performed upon receipt of the revised 
viewing optics. 
with a nylon braid outer covering. 
and bend radius. 
camera system test  was performed with NASA equipment. 
tested unsatisfactorily as the prescribed 2 in. x 3-1/2-in. viewing area could 
not be seen (Fig. 6-2). 
viewing surface. 
the system again tested with the NASA camera system. 
resulted and the viewing optics system was accepted. 
The new imagescope covering was a convoluted Teflon hose 
This allowed for the prescribed flexibility 
The CCTV camera adapter mated with the camera and a CCTV 
The system still 
The viewed a rea  was only 1-1/2 in. x 2 in. on the 
A new wider angle lens was obtained through the vendor, and 
A satisfactory test 
6.2 ADAPTER ELECTRONICS 
6.2.1 Checkout Results 
The servo power amplifier circuit was built as shown in Fig. 6-3. This 
circuit included the rate generator feedback (Fig. 6-3a) with an amplifier to  
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1.0/ 
7.0 
~ ~ ~~ 
Specified Value Measured Value 
Imagescope, relay lens, The mating of the system to Unacceptable 
objective lens,  "C" mount 
t o  tlDtl mount adapter, and 
90° side view adapter to mate 
with CCTV camera 6038A. ration. (See Note 1.) 
the camera was impossible 
due to the improper ftCll to  
"D" mount adapter configu- 
(See Note 1) 
2.1 
2.2 
3.0 
4.0 
5.1 
I I I 
I 
55 inches 54-7/8 inches Acceptable 
48 - t 1/4 inches 48-1/8 inches Acceptable 
4-6 lb 4.5 lb Acceptable 
Ac c ep ta b.l e 45 t o  50 line pairs  per  m m  
minimum (See Note 2.) 
1.5 inch minimum 2.5 inch Unacceptable 
31 lp/mm maximum 
5.2 
5.3 
175 oz-in,max. at both t52' 450 oz-in at t52O 
and -65O deflection 650 oz-in at -65' 
20 oz-in. maximum 45 02-in. 
Unacceptable 
Unacceptable 
6.0 
9.0 
~~ 
2" x 3.5" (See Note 3) 
Must meet specs of Para. 5.1 
through 5.3. through 5.3. 
See results of Para 5.1 Unacceptable 
* 
Reference LMSC/HREC Specification No. 5150717, Revision A, dated 12 November 1969 
(Appendix C). 
NOTES: 
1. The configuration received is that quoted by Bendix in answer t o  our specification 
LMSC/HREC 5150717, Rev. A, dated 12 Nov. 1969. However, the "C" mount to  "Dlr 
mount adapter provided does NOT mate the relay lens to the CCTV camera specified 
in Para.  7.0. 
lens holder. 
Model 6038A camera. 
Tested by NASA with a standard high contrast 1951 USAF resolution target and two 
identical lenses. 
per Bendix) requires one end of fiber bundles to  be in contact with resolution target 
with film of emersion oil and the inspection t o  be made a t  other end with microscope. 
NASA agrees that resolution will no doubt be better than 45 lp/mm and therefore 
feels that the resolution i s  acceptable. 
Unable to tes t  system with camera t o  check Para.  6.0 a s  per  Para.  1.0 and 7.0. 
The relay lens and adapter a r e  too large in diameter to  f i t  inside the 
Thus, the adapter is  not properly configured to  interface with the 
2. 
Resolution was determined by eye. Standard tes t  procedure (as 
3. 
Fig, 6-1 - Results of Acceptance Test for Remote Viewing Optics for CCTVArc 
Guidance Adapter Kit  (NAS8-24638) 
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r 
2 in. -- 
I 
1 
3.5 in. -- 
Fig. 6-2 - Specified CCTV Camera Viewing Area 
(shaded portion is what CCTV camera Itsees") 
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provide the proper gain and voltage l imiters (Fig. 6-3b) and stop switches 
for motor protection. 
thoroughly tested in the lab under simulated welding conditions with the follow- 
ing results: 
Upon completion of fabrication, the servo system was 
1. Because of the friction loading and the imagescope stiffness, 
ra te  feedback does not appear to  be necessary. 
test no instability was observed. Therefore, (A) of Fig. 6-3 
has been disconnected from the input to  Q,. 
actual welding conditions this same friction loading and image-  
scope stiffness may require a replacement motor with more 
torque. If this occurs, the feedback loop may be needed and 
can be easily reconnected. 
During the 
However, under 
2. With the use of ra te  feedback no longer required, the voltage 
limiter (B) of Fig. 6-3 was no longer required for motor pro- 
tection. 
removed. If needed, they can be easily reconnected. 
The limiter is still in tact with diodes D and D2 
3. The motor was purposely run into the stops and allowed t o  
stall with no damage to  any equipment. There appears t o  be 
no immediate danger to  the dc drive motor; however, the 
power should be cut off by the operator as soon a s  the motor 
stalls in the stop. 
cumbersome stop switches, (C) of Fig. 6-3, is  eliminated. 
However, the diodes have been shorted and left in place. 
Should the need for a higher torque, higher voltage motor 
occur, the limit switches may be needed. Thus, by simply 
removing the diode shorts, the system is ready to  go. 
None of the following stages or  the relay is use% in the con- 
t ro l  system. After repeated testing with rapid changes, 
the signal V deteriorated to  the point that motor would 
shut down. h r t h e r  investigation showed that the coil L2 
was  the cause. L2 has  been removed from the proximity 
a mplif ie  r . 
Following this procedure, the need for the 
4. The proximity signal is taken f rom the point V , Fig. 6-4. 
6.2.2 Electronics Recommendations 
Should the need for a motor with more starting torque be required, it 
is recommended that a Type 250/1055 (Appendix A) in a double-ended con- 
figuration and a 485:l reducer be used. 
Micro-Mo Electronics of Cleveland, Ohio. 
the present 050 motor but is 8-mm longer and weighs 8-grams more. 
Such a motor is available f rom 
The 250 is the same diameter a s  
The 
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double-ended configuration will allow for the use of rate feedback should it be 
needed. 
tion can be readily adapted to  the 250 model. 
The generator, coupling and housing used on the present configura- 
The 250 motor requires 12 Vdc operation voltage. Thus, another power 
amplifier will be needed. A Model 440KR power amplifier (Appendix G) is avail- 
able from @amp Labs of Los Angeles, California, for $35.00. 
pin arrangement is  identical to the Model 420, and the same circuit can be 
used with one modification. 
voltage without stepping down to 10 volts. 
put the new amplifier in operation. 
The octagonal 
The Model 440KR can accept the full power supply 
Thus, a simple wiring change will 
6.3 MECHANICAL SYSTEM CHECK 
Mechanical checks of the optics pa t fo rm were conducted to determine 
the loading capability of the suspension system. 
form indicated excessive loading on the idlers, 
the optics, the moment imposed on the carriage tends to force the outermost 
idler off the drive belt. 
system had greatly increased friction forces. 
Initial operation of the plat- 
Due to  eccentric loading of 
Although still supported by the Vespel washer, the 
By positioning the upper Vespel washers closer to the support platform 
(0.005 clearance unloaded) any eccentric or  reload would force the washers 
t o  support the load and keep the idlers in the correct position in relation to  
the drive belt. 
Further tes ts  showed the required torque at the drive gear under various 
loads : 
Unloaded (platform only) 5.25 in.-oz 
1000 g m a t  main support 7.00 in. -02 
1500 gm a t  main support a. 50 in. -02 
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Therefore, the system should be capable of handling the imposed loads 
due to  the weight of the system. 
there a r e  still  loading problems due to the torsional and bending limits of 
the imagescope a t  the extreme head position. 
by the vertical location of the ends of the fiberscope. 
the optics bundle is added to  eliminate the loading, particularly in the normal 
operating range. 
With the optics correct to  the platform, 
The torsional torque is caused 
A spring support for 
Further tests were run in which the leveled roller was biased a s  the 
primary load carrying member. 
mated with the free running roller. 
the following recommendation is made: 
A much lower torque requirement was 
As an improvement to the basic design, 
Replace the Vespel washer-idler support arrangement to 45-deg 
level rollers. The load is carried by the leveled roller with the 
idler used to  guide the drive belt. (See sketch.) 
silpp:-, 
Plate 
Bevelled Roller 45-Deg; T- 
.aier 
c s  Platform 
(2 j 
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Section 7 
CONCLUSIONS AND RECOMMENDATIONS 
A dependable and accurate CCTV Arc Guide Adapter Kit has been de- 
signed and developed. The prototype hardware has been built and meets the 
minimum NASA specifications. However, due to unexpected torque loading 
of the imagescope on the optics platform, the Swiss motor presently used has 
too low a starting torque. The low starting torque results in the system stal-  
ling in two extreme cases. One occurs with the actuator a r m  almost fully 
extended with the illumination head trying to drive in the positive direction 
(starting a t  about t 35 deg), and the other occurs with the actuator arm almost 
fully retracted with the illumination head trying to drive in the negative direc- 
tion (starting at  about -35 deg). 
working limits, it is doubtful that these cases would actually occur during 
welding. 
Since this is only 5 deg short of the expected 
To completely eliminate this problem, it is recommended that a double- 
ended Type 250/1055 motor be purchased to replace the present 050/010 motor. 
The new motor has three times the starting torque a s  the latter. The same 
gear reducer and tachogenerator can be used, and the new assembly can be 
housed in the present motor mount without modification. 
quires 12 volts which is not available from Model 420 operational amplifier. 
A replacement amplifier Model 44OKR is available for approximately $35.00 
from Opamps Labs, Inc., and can be used in the same octal plug without wiring 
modifications. 
operate the system over the full specific range, including the extremes. 
The new motor r e  - 
The modifications would provide more than adequate power to 
7- 1 
I OCKHFFn - HI1NTSVII I F RFSFARCH R FNGINFFRING CFNTER 
LMSC/HREC D162545 
Section 8 
REFERENCES 
1. Wall ,  W. A., "Specification MR&T-sk-1214, Criteria for the Integration 
of a CCTV Arc Guidance System with a Computerized Welding Skate," 
Mar shall Space Flight Center, Huntsville, Ala., 1969. 
2. Dunbar, A. S., Ifcontract NAS8-24638, CCTV Arc  Guidance Adapter Kit 
for a Computerized Welding Skate, Monthly Progress  Report," LMSC/ 
HREC D149115, Lockheed Missiles & Space Company, Huntsville, Ala., 
16 July 1969. 
3. Heimendinger, K. W., IIClosed-Circuit Television Arc Guidance Adapter 
Kit  for  a Computerized Welding Skate," LMSC/HREC D149188, Lockheed 
Missiles & Space Company, Huntsville, Ala., September 1969. 
LMSC/HRE C D162545 
Appe ndix A 
IC 0 
SYSTEM FAULHABER 
Lee Dale Building 
Cleveland, Ohio 44120 
Q E I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  3691  ea ~ o a d  
Incorporated Telephone 216 / 752-5599 
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER 
LMSC/HREC D162545 
15yh9 5,t~ 
Measures of pinion: 
z = 9 teeth 
m = 0.20 
D tip = 2.34 - 0.015 
D root = 1.42 - 0,015 
correction factor: x = 
a = 20", involute 
+ 0.35 
15 mm - -  - - _.. Diameter 
Length of casing - - - _- ---_______- -- 16 rnrn _-  
VJeig h t 12 g 
P 0,24 W Max. output 
4 Ohm Ro Armature resistance 
Operating . - .-- -. . voltage -. .- U 2 v  
is300 rpm No-load speed ___ nL 
8450 rpm/V -. Specific - __ - - speed - ._ ns 
Starting - torque MdK 5,6 cmp 
Friction torque MdR 0,2 cmp 
Specific torque Mds 
Armature moment of inertia e 1.9 . lo" cmm2 
___ __~_____ -- - - . .__ - - . . -_ - . - - . . - 
- --___ - _ _  - .. ._ __ __ 
_. 
______ 
---- 
1 1,6 cmp/A - __ 
- Max. __ _ _ efficiency __._ rl ?%-- 
__ ~ - _ _  
Starting time constant 7 57 . 10-3 s 
Slip-on reduction gears ratios: 
3,45:1; 11,8;1; 41:l; 141:l; 485:l; 1670:l; 5750:l; 19800:l. 
20 
A - 1  
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER 
LMSC/HREC D162545 
7 cmp 0 
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15 mrn 
___ - .. .- - 24 mrn - 
. . .  ............. - . - .. __ Diameter 
Lenytli of .... casing - . _ _  ...... . ___ ___ 
WeigI?t 20 g 
Max. output P 0,66 W 
Armature ........... resistance ,- __ . - . Ro 52 Ohm .-____ 
................... ... - . nL 14730 rpm No-load speed 
1250 rprn/V - Specific . . . . . .  speed .- ns 
Starting .. torque ~ _ _  MdK - - 17,57 - cmp 
0,31 cmp .. Friction - . _. torque MdR 
78 cmp/A Specific . torque Mds 
Armature moment of inertia 
................. - ..... __ .. - - .... __ . - 
....... Operating - voltage U 12 v 
.... . -_ _I.____. __ .- _- 
_____.___.-I.-_-...-.-.--.______.- - 
-. -____ 
I___.- _____ ... - ... 
__ ____.__. - _ _  .J- -- 
-. Max. __ efficiency r) 75% 
Starting time constant 7 35.103s 
0 I_ 4.104 cmps2 _____ ___ 
Slip-on reduction gears ratios: 
3,45:1; 11,8:1; 41:l; 141:l; 485:1; 1670:l; 5750:l; 19800:l 
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Sp e c i f  icat ion 
CLOSED- CIRC UIT TELEVISION (CCTV) ARC 
GUIDANCE ADAPTER KIT TWIN ILLUMINATION SOURCES 
SUMMARY 
optics system for a CCTVArc Guidance Adapter Kit. 
integrate a CCTV a r c  guidance system with a computerized torch angle 
manipulator and welding skate. 
welding skate with CCTV a r c  guidance capable of welding contoured and double 
c ont ou red sur  fa c e s . 
This specification establishes the requirements for a remote viewing 
The adapter kit will 
The end product shall be a fully operational 
The system requires a remotely located CCTV camera tc, view a 2-in. 
by 3.5-in. a r ea  located on the work piece in front of the torch. The view 
area  may be flat o r  cylindrical with a s  much curvature a s  12-in. concave 
radius o r  6-in. convex radius. The object is a joint to be welded, the edges 
of which a r e  chamfered a t  40 deg, a minimum of 0,010-in. wide. The CCTV 
a r c  guidance system utilizes two bright illumination spots reflected off of the 
joint in the viewing area  for guidance control. Then two spots a r e  provided 
by a flexible split-bundle light guide and a single illumination source. 
LIGHT GUIDE REQUIREMENTS 
1.0 SYSTEM CONFIGURATION 
six-foot split-bundle light guide. 
The two illumination sources shall be provided by a single, flexible, 
2.0 SIZE 
2.1 The total length of the light guide shall be six feet. 
2.2 
2.3 
The split in the bundle shall occur 7 -in. from the output end. 
The two output legs shall be 1/8-in. diameter fiber bundles. 
2.4 
Fig. 1-A. 
One output leg shall be 7-in. long, the other 5-in. long as shown in 
2.5 
and has overall length of 1.5 in., as shown in Fig. 1-B. 
The metal clad output end of each leg has 75-deg bend of 0.5-in. radius 
2.6 Dimensional tolerances a r e  as listed in Fig. 1. 
3.0 WEIGHT 
The weight of the light guide shall be one pound maximum. 
B -2  
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4.0 ILLUMINATION INTENSITY 
The illumination intensity at the output of each leg with the single 
illumination source shall be a minimum of 1200 centerbeam footcandles 
when measured a t  a distance of two inches from the output end. 
5.0 MINIMUM BEND RADIUS 
The minimum bend radius shall be 1.5-in. 
ILLUMINATION SOURCE REQUIREMENTS 
6.0 SIZE AND WEIGHT 
and weigh 3.5 pounds. 
The illumination source shall be 6-in. high, 5-in. wide, and 8-in. long 
7.0 POWER 
The illumination source power shall be 115 Vac, 60 Hz. 
8.0 INTENSITY 
8.1 
requirements of paragraph 4.0. 
The intensity of the illumination source shall be sufficient to meet the 
8.2 
from off to full intensity. 
The intensity control of the illumination source shall have a variable 
9.0 LAMP LIFE 
voltage of 15 hours, for 110-120 volts, 60 cycles A.C. 
The illuminator shall utilize a cooling fan to provide a lamp life at full 
10.0 PROTECTIVE COVERING 
The light guide shall be enclosed in an adequate protection covering 
that will protect the fiber from breakage and meet the specifications of 
Pars .  5.0. 
I3 -3  
LMSC/KREC D162545 
0.25 
NOTE: All. dimensions in inches. 
Tolerances (unless otherwise noted) 
.x t 0.2 
.xx 0.05 - 
'2.0 Source 
A 
Metal Clad 
t I I 
0.60 - t 0.10 -0.854 
B 
69 t 0 .003  diam. - 
- t 2  deg 
Fig. B - 1 - Split - Bundle Flexible 
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Specification 
CLOSED -CI.R.C UIT TELEVISION (CC TV) ARC 
GUIDANCE ADAPTER KIT REMOTE VIEWING OPTICS 
SUMMARY 
optics system for a CCTVArc Guidance Adapter Kit. 
integrate a CCTV arc guidance system with a computerized torch angle 
manipulator and welding skate. 
welding skate with CCTV a r c  guidance capable of welding contoured and double 
contoured sur  face s. 
This specification establishes the requirements for a remote viewing 
The adapter kit will 
The end product shall be a fully operational 
The system requires a CCTV camera (General Electrodynamics 
Corporation of Garland, Texas, Model 6038A Instrumentation Camera) 
t o  be remotely located from the welding torch. 
optics, adapters, etc., a r e  needed for the camera to view a 2-in. by 3.5-in. 
area located on the work piece in front of the torch. 
be flat o r  cylindrical with a s  much curvature as 12-in. concave radius t o  
6-in. convex radius. 
of which a r e  chamfered at 40 deg, a minimum of 0.010-in. wide. 
f rom the welding a r c  is parallel to the seam and does not interfere appreciably 
with the system a s  breadboarded. 
A fiber optic plus viewing 
The viewed area  may 
The viewed object is  a joint to be welded, the edges 
Light 
REMOTE VIEWING OPTICS SYSTEM REQUIREMENTS 
1.0 SYSTEM CONFIGURATION 
The remote viewing optics system shall consist of a flexible, four- 
foot fiber optics Imagescope, relay lens system, objective lens, adapter 
"C" mount to  "D" mount, and adapter-side view 90 deg, necessary for the 
CCTV camera to remotely see the viewing area.  
2.0 SIZE 
2.1 The nominal length of the system from the CCTV camera to the work- 
ing envelope shall be 55.0 inches (Fig. 1). 
2.2 The flexible fiber optic shall b e  48-in. long. 
2.3 
outline, dimensions, and mounting provisions for the distal and proximal 
ends of the assembly. 
in Fig. 1. 
The vendor shall supply interface drawings providing total assembly 
Limit viewings optics outline dimensions a r e  as shown 
3.0 WEIGHT 
shall be provided by the vendor. 
system (4 - 6 lb) is desired. 
An itemized weight breakdown of the remote viewing optics system 
Since weight is critical, a light-weight 
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4.0 RESOLIJTION 
The mini.inum resolution of the total system shall be 45 to 50 line pairs/ 
rn i 11 i m et e r . 
5.0 MINIMUM BEND RADIUS AND STIFFNESS OF FIBER OPTICS 
5.1 The minimum bend radius shall be 1.5-in. 
5.2 
175 oz-in. about the working envelope pivot point at maximum deflection 
(Para.  8.2) and in the plane of the bend. 
The maximum stiffness at the viewing optics connection shall be 
5.3 
deflection (Para. 8.2) at the working envelope interface shall be 20 oz-in. 
max. I 
Torsional loads induced by twisting the fiber optics to maximum 
6.0 VIEWING AREA 
The viewing area  shall be 2-in. wide by 3.5-in. long as  shown in Fig. 1 
7.0 CCTV CAMERA 
Instrumentation Camera. It requires a rcDrr mount lens (8-mm format). 
camera is located with respect to the working envelope a s  shown in Fig. 1. 
The CCTV camera is a General Electrodynamics Corporation ED 6038A 
The 
8.0 WORKING ENVELOPE REQUIREMENTS 
8.1 
Fig. 1 and positioned t o  view the prescribed viewing area. 
Objective lens can be  located within the working envelope shown in 
8.2 
(Fig. 1) f rom t52 deg (counterclockwise) to -65 deg (clockwise) to follow 
minimum weld radii. 
Welder requires envelope to  pivot about the prescribed pivot point 
9.0 PROTECTIVE COVERING 
that will protect the fibers from breakage and meet the specifications of 
Para. 5.0. 
The fiber optics shall be enclosed in an adequate protective covering 
c-3 
m 
Q) 
d 
d 
5 
.r( 
.r( 
m 
8 
.r( 
m 
.r( i 
a 
4 
2 
.. w 
r3 
0 
2 
LMSC/HREC D162545 
I 
a, u 
a, 
iil 
z 
0 
c -4 
LMSC/HREC D162545 
Appendix D 
OPERATING INSTRUCTIONS FOR ELECTRO 
PRODUCTS LABORATORLES' MODEL 55.121 
PROXIMITY CONTROL UNIT 
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER 
LMSC/HREC D162545 
52.151 
12-10-68 
MODEL 55.121 PROXIMITY COWROL UNIT 
CONTENTS 
52.151 - Contents 
52.142 - Operating Instructions 
58.222 - Sensing H e a d  Mounting H i q t s  
58.224 - Sensing H e a d  Dimensions 
58.191 - Sensing H e a d  Dimensions 
D - l  
6125 W. HOWARD ST.. CHICAGO, ILLINOIS 60648 f 647-8744 f AREA 312 /FAX: JMQ/CABLE-ELECTROLAB 
LMSC/HREC 0162545 
52 142 
R e v .  11/1/67 
MODEL 55,121 TRANSISTORIZED CONTROL AMPLIFIER 
GENERAL 
An ELECTRO Proximity Switch is  a system consis- 
t i n g  of a proximity c o n t r o l  a m p l i f i e r ,  a sens- 
i ng  head and connecting cable :  a p p r o p r i a t e  
t ime de lay  modules are a v a i l a b l e  when requi red .  
When any conducting m e t a l  o f  s u f f i c i e n t  mass o r  
sensed a r e a  i s  wi th in  the  f i e l d  of t h e  sens ing  
head, a r e l a y  i n  the c o n t r o l  ampl i f i e r  i s  ac- 
tua t ed  t o  perform t h e  d e s i r e d  c o n t r o l  func t ion .  
The sensed o b j e c t  does no t  have t o  be i n  mo- 
t i o n ;  it only h a s  t o  b e  w i t h i n  the f i e l d  o f  t h e  
sens ing  head t o  a c t u a t e  t h e  r e l a y .  (See page 
4 f o r  d e f i n i t i o n s  o f  terminology.) 
--- The Model 55.121 T r a n s i s t o r i z e d  Proximity Con- 
t r o l  Amplifier basic u n i t  is capable  of opera t -  
i ng  from -40°F (-40°C) t o  176OF (SOOC) w i t h  
n e g l i g i b l e  d r i f t  i n  s e n s i t i v i t y .  Only 15 sec- 
onds warm-up t i m e  is requ i r ed  f o r  the c o n t r o l  
t o  s t a b i l i z e .  Relay a c t u a t i o n ,  or pu l l - in ,  
t i m e  i s  wi th in  10 mi l l i s econds  a f t e r  the sens- 
i ng  o f  metal, and de-ac tua t ion ,  o r  drop-out, 
t i m e  is wi th in  25 mi l l i s econds  after the metal 
l eaves  t h e  sens ing  f i e l d .  Maximum ope ra t ing  
speed i s  600 cycles per minute. 
Sens inq  heads recommended f o r  u s e  wi th  t h e  
Model 55.121 Con t ro l  Amplifier inc lude  a l l  o f  
t h e  ELECTRO s tandard  proximity sens ing  heads 
designed fo r  the t r a n s i s t o r i z e d  c o n t r o l  ampli- 
f i e r s .  
Connecting cables a r e  suppl ied  as i n t e g r a l  
p a r t s  o f  s ens ing  heads designed f o r  u se  w i t h  
t r a n s i s t o r i z e d  c o n t r o l  a m p l i f i e r s ,  and are 
usua l ly  10 f e e t  i n  l eng th  as s tandard .  How- 
ever ,  cab le s  up t o  150 f e e t  long may be used. 
I f  cab le s  less than  10 f e e t  long y i e l d  less 
than  optimum r e s u l t s ,  con tac t  t h e  Fac tory  f o r  
i n s t r u c t  ions .  
T i m e  de lay  modules are a v a i l a b l e  f o r  u s e  wi th  
t h e  Model 55.121 Cont ro l  Amplifier i n  delayed- 
make (slow make, quick break)  o r  delayed-break 
(quick make, s l o w  break)  t i m e  ranges  up t o  10 
seconds. These o p t i o n a l  modules are plugged 
i n t o  an e x i s t i n g  socket  on t h e  c o n t r o l  ampli- 
f i e r ;  and no f u r t h e r  w i r ing  or c i r c u i t  modifi- 
c a t i o n  is requ i r ed .  
-
MOUNT I NG INSTRUCT IONS 
CONTROL AMPLIFIER 
The c o n t r o l  ampl i f i e r  should be mounted i n  a 
r e a d i l y  accessible a r e a  t h a t  is r e l a t i v e l y  
v i b r a t i o n  f r e e .  Deta i led  mounting dimensions 
are a t t ached .  (See Fig.  1.) W i t h  Model 58.335 
Cover -- wi th  t h i s  o p t i o n a l  cover,  t h e  c o n t r o l  
a m p l i f i e r  r e q u i r e s  a panel  space of 5" x 7 "  
w i t h  a 3" depth c learance .  (See Fig.  2.) 
Without Cover -- when used wi thout  t h e  pro tec-  
cover ,  above, t h e  c o n t r o l  ampl i f i e r  may be pan- 
e l  mounted or mounted d i r e c t l y  i n t o  t h e  opt ion-  
a l  Model 58.334 J I C  enc losure  (NEMA 1 2 )  which 
measures 8" x 6" x 3%". (See Fig.  3 . )  
SENSING HEADS 
Mounting methods f o r  the va r ious  sens ing  heads 
are shown i n  Drawing 58.222, a t t ached .  For t h e  
m o s t  dependable ope ra t ion ,  t h e  sens ing  head 
should be mounted as c l o s e  as p o s s i b l e  t o  t h e  
a c t u a t i n g  o b j e c t .  As a gene ra l  r u l e ,  t h e  sens- 
i n g  d i s t a n c e  should not  be g r e a t e r  t han  t h e  d i -  
ameter o f  the sens ing  head f o r  f e r r o u s  o b j e c t s ,  
and less for non-ferrous or s t a i n l e s s  o b j e c t s  
due t o  reduced s e n s i t i v i t y  t o  t h e s e  materials. 
S e n s i t i v i t y ,  however, t o  some t h i n  aluminum, 
such as f o i l ,  is good, as evidenced i n  app l i ca -  
t i o n s  such as f i l m  cueing, etc. 
W I R I N G  CONNECTIONS 
SENSING HEADS 
Connect the sens ing  head cable t o  Cont ro l  Am- 
p l i f i e r  Terminals N o s .  11 and 1 2  wi th  t h e  
s h i e l d  t o  Terminal 11 and the cen te r  conductor 
(whi te )  t o  Terminal 12 .  I f  t h e  cable has  a 
b l ack  w i r e ,  it i s  n o t  f u n c t i o n a l  w i th  t h i s  con- 
t r o l ,  and it should be connected t o  t h e  "dead" 
Terminal N o .  10 o r  may be taped  back along the 
cable t o  avoid a c c i d e n t a l  con tac t  w i th  ground 
o r  t h e  c o n t r o l .  
RELAY TERMINALS 
Relay con tac t s  are brought ou t  t o  Terminals 1 
through 3 and 4 through 6. Terminals 3 and 6 
are "common", 2 and 5 are "normally open" and 
Terminals 1 and 4 are "normally c losed"  r e l a y  
con tac t s .  
LINE POWER 
T h e  Model 55.121 Proximity Cont ro l  Amplifier is 
designed f o r  ope ra t ion  on e i t h e r  115V o r  230V 
50/60 Hz l i n e  power: 115V should be connected 
t o  Terminals 8 and 9 ,  and 230V connects t o  T e r -  
mina ls  7 and 9. 
SENSITIVITY ADJUSTMENT 
The c o n t r o l  ampl i f i e r  has "COARSE" and "FINE" 
screwdr iver  a d j u s t a b l e  s e n s i t i v i t y  c o n t r o l s  
52.142 
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n t a r  Termirlals 10-12. The coars& 3djustment 
compensates fo r  v a r i a t i o n s  i n  sens ing  heads and 
cab le  l eng ths  whi le  main ta in ing  a r e l a t i v e l y  
wide adjustment range on the f i n e  c o n t r o l .  
Once t h e  "COARSE" adjustment i s s e t  f o r  a given 
sens ing  head, cable and a p p l i c a t i o n ,  on ly  t h e  
"FINE" adjustment i s  normally used t o  set t h e  
s e n s i t i v i t y  o r  sens ing  d i s t ance .  
TO ADJUST SENSITIVITY 
1. 
2 .  
3 .  
4. 
5. 
Rota te  both  "COARSE" and "FINE '' concro ls  
f u l l  clockwise. 
P lace  o b j e c t  t o  be sensed a t  t h e  maximum 
sens ing  d i s t a n c e  from t h e  sens ing  head 
t h a t  is  1 0  be encountered i n  t h e  a p p l i -  
cat ion. 
Rota te  the "COARSE" adjustment counter- 
clockwise u n t i l  t h e  r e l a y  de-energizes 
and then  clockwise aga in  u n t i l  the re- 
l ay  j u s t  ene rg izes .  S e t  the  c o n t r o l  5O 
t o  l o o  f u r t h e r  clockwise. The r e l a y  
should now be energ ized  
Rota te  t h e  "FINE" adjustment counter- 
clockwise u n t i l  t h e  r e l a y  de-energizes.  
Then r o t a t e  t h e  adjustment clockwise 
u n t i l  t h e  r e l a y  j u s t  ene rg izes .  The 
s e n s i t i v i t y  c o n t r o l s  a r e  now ad jus t ed  
f o r  s ta t ic  or low speed ope ra t ion .  
Note: Check s e t t i n g  by removing sensed 
o b j e c t .  Relay should de-energize.  I f  
it does n o t ,  mounting metal or other ex- 
t r aneous  m e t a l  may be w i t h i n  the sens ing  
f i e l d ,  and it w i l l  be necessary  t o  re- 
move such i n t e r f e r e n c e s  or r e -pos i t i on  
t h e  sens ing  head t o  o p e r a t e  under re- 
duced s e n s i t i v i t y .  
- For sens inq  a t  h iqh  speeds,  o f  c l o s e l y  spaced 
objects, and/or where v a r i a t i o n s  i n  nominal 
sens ing  d i s t a n c e  are encountered, s e n s i t i v i t y  
adjustment should be made under dynamic condi- 
t i o n s .  For s a t i s f a c t o r y  s e t t i n g  it is  neces- 
s a r y  t o  s imula t e  maximum and minimum sens ing  
cond i t ions .  Due t o  t h e  many p o s s i b l e  app l i ca -  
t i o n s  and the  d i f f e r e n c e s  from set-up t o  set- 
up, no f ixed  procedure can be g iven ,  bu t  prop- 
er s e n s i t i v i t y  s e t t i n g s  are u s u a l l y  developed 
r e l a t i v e l y  e a s i l y  through experimentation. 
However, i n  extreme cases  t h e  fo l lowing  gener- 
a l  sugges t ions  can se rve  as a guide .  
1. W i t h  machine o r  equipment o p e r a t i n g  a t  
speed, s imula t e  the maximum spac ing  con- 
d i t i o n ,  t h a t  i s ,  the g r e a t e s t  d i s t a n c  
from the sens ing  head t h a t  the a c t u a t i n g  
o b j e c t ( s )  must be sensed. Af t e r  s e t t i n g  
the "COARSE" c o n t r o l  as i n  S t e p  2, a- 
bove, determine t h e  ranqe o f  adjustment 
of t h e  "FINE" c o n t r o l  tha t  a f f o r d s  de- 
pendable r e l a y  a c t i o n .  To do t h i s ,  t u r n  
t h e  "FINE" c o n t r o l  clockwise t o  inc rease  
s e n s i t i v i t y  t o  t h e  maximum tha t  permi ts  
c o n s i s t e n t  r e l a y  ac t ion .  Note the con- 
t r o l  s e t t i n g  wi th  r e f e r e n c e  t o  t h e  pos i -  
t i o n  of the screwdr iver  s l o t .  Now ro- 
t a t e  t h e  c o n t r o l  counterclockwise t o  de- 
crease s e n s i t i v i t y  t o  t h e  minimum t h a t  
permi ts  c o n s i s t e n t  r e l a y  a c t i o n .  Note 
t h e  p o s i t i o n  of t h e  screwdr iver  s l o t  a t  
t h i s  s e t t i n g .  The d i f f e r e n c e  i n  the in -  
d i ca t ed  p o s i t i o n s  of t h e  two s e t t i n g s  is 
t h e  ranqe of adjustment.  
2 .  Now s i m u l a t e  t h e  minimum spac ing  condi- 
t i o n ,  or tilc l e a s t  d i s t a n c e  from t h e  
sens ing  head t h a t  t h e  hc tua t ing  ob- 
j k t  ( s )  m u s t  Le  sensed. Without a l ter-  
i n g  t h e  "COARSE" adjustment,  determine 
the range o f  ad jus tnep t  of t h e  "FINE" 
c o n t r o l  a t  t h i s  d i s t a n c e ,  following t h e  
procedure given above. 
3 .  The maximum d i s t a n c e  and minimum d i s -  
t ance  adjustment ranges as determined 
above should over lap .  I n  t h i s  ca se ,  t h e  
proper f i n a l  adjustment of t h e  "FINE" 
c o n t r o l  i s  a t  t h e  n idpo in t  o f  t h e  over- 
lapping  p a r t  of t h e  two ranges .  
4.  I f  t h e  ranges do not  ove r l ap ,  or i f  t h e  
"FINE" c o n t r o l  canro t  be ad jus t cd  t o  op- 
erate a t  both  minimJm and maximum spac- 
i ng ,  then  t h e  spac ing  between t h e  sensed 
o b j e c t s  must be increased  and/or the 
d i s t a n c e  from t h e  o b j e c t s  and t h e  sens- 
ing  head must be decreased. Repeat S t e p  
- 1 through S t e p  2 t o  e s t a b l i s h  t h e  f i n a l  
adjustment.  
TEMPERATURE AND LINE VOLTAGE VAPIATION EFEECTS 
CONTROL AMPLIFIER 
The Model 55.121 Proximity Control Amplifier is  
extremely stable w i t h  t empera ture  v a r i a t i o n ,  
and ove r  a range  o f  from -40°F (-40°C) t o  176'F 
( 8 O O C )  d r i f t  i n  s e n s i t i v i t y  i s  n e g l i g i b l e  with- 
i n  normal ope ra t ing  range of t h e  sens ing  head. 
(See Fig.  4 . )  Change i n  s e n s i t i v i t y  wi th  l i n e  
vo l t age  v a r i a t i o n s  o f  from 105 VAC t o  130 VAC 
o r  210 VAC t o  260 VAC is  a l s o  n e g l i g i b l e .  
(See Fig. 5.) 
SENSING HEADS 
ELECTRO Proximity Sensing Heads may be opera ted  
a t  tempera tures  up t o  176OF ( 8 O O C ) .  Although 
the sens ing  head i t s e l f  w i l l  wi ths tand  temper- 
a t u r e s  o f  225OF, it is  t h e  i n s u l a t i o n  o f  the 
s tandard  cable t h a t  sets che low l i m i t .  I n  
gene ra l ,  s ens ing  heads are more s u s c e p t i b l e  t o  
tempera ture  change than  the Model 55.121 Con- 
t r o l  Ampl i f ie r ,  b u t  s e n s i t i v i t y  changes due t o  
tempera ture  vary considerably wi th  sens ing  head 
model, material sensed, sens ing  d i s t a n c e ,  e t c . ,  
and no s p e c i f i c  d a t a  can be given here. 
RELAY CHARACTERISTICS 
OUTPUT 
The  DPDT r e l a y  used i n  the Model 55.121 Cont ro l  
Amplifier has  c o n t a c t s  r a t e d  a t  100,000 opera- 
t i o n s  a t  10 amperes, 115 VAC or 28 VDC wi th  a 
r e s i s t i v e  load. Contact l i f e  a t  a t y p i c a l  4 
amps, 115 VAC, r e s i s t i v e  i s  500,000 ope ra t ions ,  
and 10,000,000 a t  no load. 
RESPONSE TIME 
Actua t ion  t i m e  o f  t h e  r e l a y  is  10 mi l l i s econds ,  
and de-ac tua t ion  t i m e  is  25 mi l l i seconds .  Sys- 
t e m  o p e r a t i n g  speeds up t o  600 ope ra t ions  per 
minute may be obta ined .  
TIME DELAY 
Both delayed-make (slow make, quick break)  and 
delayed-break (quick make, slow break) t i m e  de- 
l ay  modules are a v a i l a b l e  f o r  u s e  wi th  t h e  Mod- 
e l  55.121 Proximity Cont ro l  Amplifier.  These 
are plug-in modules t ha t  u s e  e x i s t i n g  socke t s  
on t h e  a m p l i f i e r ,  so no r ewi r ing  o r  o t h e r  cir- 
c u i t  mod i f i ca t ion  i s  requi red .  The t i m e  delay 
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modules are o p t i o n a l  accesso r i e s .  The table 
below shows module model numbers and t i m e  de lay  
ranges.  
Delayed-break 
Module No. 
Delayed-make (with Pu l se  
- T i m e  Delay Ranqe Module No. S t r e t c h i n q )  
.Ol5* t o  0.1 sec. 76.022 
.030* t o  0.1 sec. 76.026 
.05 t o  1.0 sec. 76.023 76.027 
.05 t o  10.0 sec. 76.024 76.028 
* Inc ludes  r e l a y  response t i m e .  
Module de l ay  i s  .005 sec. 
The delayed-make module w i l l  ene rg ize  the r e l a y  
a f t e r  t h e  set de lay  pe r iod  on ly  i f  a sens ing  
head s i g n a l  ("metal near" )  has  been maintained 
f o r  the e n t i r e  de lay  pe r iod .  
de-energized w i t h i n  25 mi l l i s econds  a f t e r  the 
sens ing  head s i g n a l  h a s  been removed ("metal 
away"). I f  t h e  " m e t a l  near"  s i g n a l  i s  removed 
b e f o r e  the end o f  t h e  de lay  per iod .  t h e  r e l a y  
w i l l  no t  ene rg ize ,  nor w i l l  r e p e t i t i v e  " m e t a l  
nea r "  s i g n a l s  s h o r t e r  t h a n  the de lay  pe r iod  
cause  the r e l a y  t o  be energized. 
- The delayed-break module w i l l  ene rg ize  t h e  re- 
l a y  wi th in  10 mi l l i s econds  a f t e r  the beginning 
o f  a 5 microsecond or longer  sens ing  head s i g -  
n a l  ( " m e t a l  n e a r " ) .  Af t e r  t h e  sens ing  head 
s i g n a l  has  been removed ( " m e t a l  away") the re- 
l ay  w i l l  remain energ ized  f o r  a t i m e  pe r iod  es- 
tablished by the set t i m e  de l ay  pe r iod  p l u s  the 
r e l a y  de-ac tua t ion  t i m e  -- a minimum of  30 m i l -  
l i s econds  i n  t h e  case o f  t h e  76.026 module. 
Note t h a t  t h e  "pulse  s t r e t c h i n g "  effect o f  the 
delayed break  module permi ts  t h e  Model 55.121 
Con t ro l  Amplifier t o  g ive  a dependable r e l a y  
c l o s u r e  wi th  only  a 5 microsecond dwel l  t i m e  
r a t h e r  than  t h e  10 mi l l i second dwel l  t i m e  re- 
qu i r ed  by t h e  55.121 without t h e  delayed-break 
module. 
The  r e l a y  w i l l  be 
Complete ope ra t ing  i n s t r u c t i o n s  52.148 are 
packed wi th  each t i m e  de lay  module. 
TROUBLE SHOOTING 
Most system ope ra t ing  d i f f i c u l t i e s  are t h e  re- 
s u l t  of misadjustment or misapp l i ca t ion ,  and 
are not  due t o  f a u l t s  i n  t h e  e l e c t r o n i c  c i r cu -  
i t r y .  T h e  fo l lowing  simple procedures w i l l  
c o r r e c t  t h e  most probable  causes of malfunc- 
t i o n .  I f  they  do n o t ,  con tac t  your Electro 
Representa t ive  fo r  f u r t h e r  advice  and in s t ruc -  
t ions  - 
Caution: U s e  a meter wi th  20,000 ohms/volt DC 
and 5,000 ohms/volt AC o r  g r e a t e r  s e n s i t i v i t y  
for a l l  vo l t age  and r e s i s t a n c e  measurements. 
SYMPTOM I - Relay does not  ene rq ize  wi th  metal 
p r e s e n t  a t  f a c e  of s ens ing  head. 
A.  ARE CONNECTIONS RIGHT? 
See t h a t  a l l  connections are made t o  
t h e  proper t e rmina l s  and t h a t  they are 
t i g h t .  
Make su re  l i n e  vo l t age  i s  p resen t  a t  
E. I S  LINE POWER PRESENT? 
t h e  c o n t r o l  ampl i f i e r  t e rmina l s  and t h a t  
t h e  AC vo l t age  i s  w i t h i n  105 v t o  130 v 
or 210 V t o  260 V ,  as app l i cab le .  
Read j u s t  bo th  "COARSE" and "FINE" s e n s i -  
t i v i t y  adjustments accord ing  t o  t h e s e  
ope ra t ing  i n s t r u c t i o n s .  
Remove t i m e  de lay  module and check con- 
t r o l  ampl i f i e r  fo r  normal ope ra t ion .  ~f 
a l l  r i g h t ,  p lug  i n  t i m e  de lay  module and 
r e a d j u s t  according t o  i n s t r u c t i o n s .  I f  
s t i l l  inope ra t ive ,  s u b s t i t u t e  known op- 
erable module and check again.  
C. IS SENSITIVITY ADJUSTMENT CORRECT? 
D. IS  TIME DELAY OPERATIVE? 
SYMPTOM I1 - Relav does not  release when metal ---- is  removed from t h e  sens inq  f i e l d .  
A. 
B. 
C. 
D. 
E. 
ARE CONNECTIONS RIGHT? 
See  t h a t  a l l  connec t ions  are made t o  t h e  
proper  t e rmina l s  and t h a t  they  are 
t i g h t .  
IS SENSING HEAD CLEAR? 
Make s u r e  t h e r e  i s  no build-up of m e t a l  
c h i p s  o r  s l i v e r s  on or near t h e  sens ing  
head. 
IS SENSITIVITY ADJUSTMENT CORRECT? 
Readjust  bo th  "COARSE" and "FINE" sens- 
i t i v i t y  adjustments according t o  these 
o p e r a t i n g  i n s t r u c t i o n s .  
ARE THERE SHORTS OR OPENS I N  SENSING 
HEAD AND CABLE? 
Make a con t inu i ty  check on t h e  sens ing  
head and cable. I n f i n i t e  r e s i s t a n c e  
w i l l  i n d i c a t e  an open, or break. Shor t s  
are more d i f f i c u l t  t o  determine because 
t y p i c a l  r e s i s t a n c e  o f  va r ious  model 
s ens ing  heads ranges  from 1 t o  14 ohms, 
so other than  dead short c i r c u i t s  i n  
cables may no t  be immediately apparent .  
A more reliable check i s  t o  s u b s t i t u t e  
a known o p e r a t i v e  sens ing  head and cable 
and recheck t h e  c o n t r o l  f o r  ope ra t ion .  
IS  TIME DELAY OPERATIVE? 
I f  a p p l i c a b l e ,  follow t h e  procedure un- 
d e r  "D", Symptom I. 
SYMPTOM I11 - Operation & i n t e r m i t t e n t .  
A. ARE CONNECTIONS RIGHT? 
See that  a l l  connec t ions  are made t o  t h e  
proper t e rmina l s  and tha t  they  are 
t i g h t .  
Make s u r e  that  l i n e  v o l t a g e  is p resen t  
a t  t h e  c o n t r o l  ampl i f i e r  t e rmina l s ,  t h a t  
it i s  w i t h i n  p re sc r ibed  l i m i t s  and t h a t  
it is  no t  i n t e r r u p t e d .  
Readjust  the s e n s i t i v i t y  adjustments ac- 
cord ing  t o  t h e s e  i n s t r u c t i o n s .  I f  t h e  
system i s  then  o p e r a t i o n a l  a t  i n t e r v a l s ,  
t h e  t r o u b l e  probably i s  one o f  t h e  f o l -  
lowing: 
B. I S  LINE POWER PRESENT? 
C. I S  SENSITIVITY ADJUSTMENT CORRECT? 
1. Nominal sens ing  d i s t a n c e  is 
2 .  P a r t s  t o  be sensed a r e  t o o  
3 .  Var ia t ion  from nominal spac- 
4. Temperature v a r i a t i o n  a t  t h e  
t o o  g r e a t .  
c l o s e l y  spaced. 
i ng  is  t o o  g r e a t .  
sens ing  head i s  t o o  g r e a t .  
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Relay a c t u a t i o n  t i m e  - The t i m e  r equ i r ed  af ter  
e n t r y  o f  an a c t u a t i n g  o b j e c t  i n t o  t h e  
sens ing  f i e l d  t o  accomplish f u l l  r e l a y  
con tac t  t r a n s f e r .  May a l s o  be c a l l e d  
e n e r s i z i n g  t i m e  or p u l l - i n  t i m e .  
Relay de-ac tua t ion  time - The t i m e  r equ i r ed  
a f t e r  depa r tu re  of an a c t u a t i n g  o b j e c t  
from t h e  sens ing  f i e l d  t o  accomplish 
f u l l  r e l a y  con tac t  t r a n s f e r .  May a l s o  
be c a l l e d  de-enerqizing t i m e ,  drop-out 
t ime,  release t i m e .  
Repeatabil i tv - The  v a r i a t i o n  i n  sens ing  d i s -  
t a n c e  a t  which an a c t u a t i n g  o b j e c t  is  
de tec t ed  over repea ted  ope ra t ions  a t  a 
g iven  s e n s i t i v i t y  s e t t i n g .  
t h e  sens ing  head a t  which an a c t u a t i n g  
o b j e c t  w i l l  be de tec t ed .  T h i s  d i s t a n c e  
is  determined by t h e  s e t t i n g  o f  t h e  
s e n s i t i v i t y  ad jus tments  i n  t h e  c o n t r o l  
ampl i f i e r  . 
sens ing  head wi th in  which an a c t u a t i n g  
o b j e c t  can be de tec t ed .  
Sensinq head - The enclosed remote o s c i l l a t o r  
c o i l  that  r a d i a t e s  t h e  sens ing  f i e l d  t o  
a e t e c t  t h e  a c t u a t i n g  o b j e c t .  
S e n s i t i v i t y  - The a b i l i t y  of a proximity switch 
t o  sense  an a c t u a t i n g  o b j e c t  i n  r e l a t i o n  
t o  d i s t ance .  S e n s i t i v j . t y  is a d j u s t a b l e  
wi th  c o n t r o l s  i n  the c o n t r o l  a m p l i f i e r ,  
b a t  s e n s i t i v i t y  w i l l  vary  wi th  s i z e  and 
m a t e r i a l  o f  t h e  o b j e c t ,  environment, 
t ype  o f  sens ing  head, etc. 
ing  d i s t a n c e  ( d r i f t )  caused by va r i a -  
t i c n s  i n  temperature,  l i n e  vo l t age ,  
e tc . ,  a t  a given s e n s i t i v i t y  s e t t i n g .  
T i m e  de l ay ,  delayed-- - An adjust .able i n t e r -  
v a l  introduced between d e t e c t i o n  of t h e  
a c t u a t i n g  o b j e c t  and r e l a y  pu l l - in  
through use  o f  a delayed-make t i m e  de lay  
module. May be c a l l e d  slow make, qu ick  
break  or on-delay. 
t e r v a l  introduced between t h e  removal o f  
an a c t u a t i n g  o b j e c t  from t h e  sens ing  
f i e l d  and r e l a y  drop-out through use  o f  
a delayed-break t i m e  de lay  module. May 
a l s o  be c a l l e d  quick make, slow break o r  
of f -de lay .  Th i s  module a l s o  provides  
t h e  pu l se  s t r e t c h i n g  e f f e c t .  
Sensinq d i s t a n c e  - The pre-se t  d i s t a n c e  from 
Sens inq  f i e l d  - The f i e l d  o f  r a d i a t i o n  from t h e  
S t a b i l i t y  - The  r e s i s t a n c e  t o  changes i n  sens- - 
-
-
T i m e  de l ay ,  delayed-break - An a d j u s t a b l e  in -  -
- 
D. ARE SENSING HEAD AND CABLE ALL RIGHT? 
S u b s t i t u t e  a sens ing  head and cab le  t h a t  
a r e  known good and check t h e  c o n t r o l  f o r  
proper ope ra t ion .  
I f  a p p l i c a b l e ,  fo l low procedure under 
"D", Symptom I. 
E. IS TIME DELAY OPERATIVE? 
PROXIMITY SWITCH TERMINOLOGY -- DEFINITIONS 
Actua t ing  o b j e c t  - The p a r t  or p i e c e  o f  f e r r o u s  
or non-ferrous metal be ing  sensed. 
Cont ro l  ampl i f i e r  - The por t ion  of a proximity 
swi tch  con ta in ing  t h e  o s c i l l a t o r ,  ampli- 
f i e r ,  power supply and a s soc ia t ed  c i r cu -  
i t r y  which w i l l ,  on t h e  d e t e c t i o n  of 
m e t a l ,  (1) a c t u a t e  a r e l a y  i n  the con- 
t r o l  ampl i f i e r  i n  r e l a y  output  t ypes ,  or 
( 2 )  p rovide  a change i n  output  vo l t age  
i n  e l e c t r o n i c  output  types .  
given s e n s i t i v i t y  s e t t i n g  caused by var- 
i a t i o n s  i n  sens ing  head or c o n t r o l  am- 
p l i f i e r  tempera ture ,  l i n e  vo l t age ,  long 
t e r m  ope ra t ion .  etc. -- D w e l l  t i m e  - The t ime t h e  a c t u a t i n g  o b j e c t  re- 
mains wi th in  t h e  sens ing  f i e l d .  
Metal away - The condi t ion  i n  which there i s  no 
a c t u a t i n g  ob] :ct  w i th in  t h e  sens ing  
f i e l d .  -- Metal near - The cond i t ion  i n  which an ac tua-  
t i n g  o b j e c t  i s  wi th in  t h e  sens ing  f i e l d .  
-- On-Off d i f f e r e n t i a l  - (Hys te re s i s )  The d i f f e r -  
ence i n  sens ing  d i s t a n c e  between the 
po in t  where t h e  r e l a y  ene rg izes  a s  the 
a c t u a t i n g  o b j e c t  approaches t h e  sens ing  
head and t h e  po.int wher\ the  r e l a y  de- 
ene rg izes  as t h e  a c t u a t i n g  o b j e c t  de- 
p a r t s  from t h e  sens ing  head. 
Proximity swi tch  ( induc t ive )  - A device  t h a t  
d e t e c t s  t h e  presence  o f  a s p e c i f i c  ac- 
t u a t i n g  o b j e c t  a t  a predetermined d i s -  
t ance  from a r e fe rence  po in t .  It con- 
sists of a sens ing  head connected by a 
cab le  t o  a c o n t r o l  ampl i f i e r .  
Pu l se  s t r e t c h i n q  - An e f f e c t  produced by de- 
layed-break t i m e  de l ay  modules by which 
dependable r e l a y  ope ra t ion  i s  a t t a i n e d  
wi th  a metal near s i g n a l  o f  dwel l  t i m e  
s h o r t e r  t han  normal r e l a y  a c t u a t i o n  
t i m e  . 
D r i f t  - The change i n  sens ing  d i s t a n c e  a t  a 
52.142 D-5 Page 4 
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SPECIFICATION 
WIRE FEED GUIDE TUBE ASSEMBLY, 
CLOSED-CIRCUIT TELEVISION (CCTV) ARC GUIDANCE ADAPTER KIT 
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SPECIFICATION 
WIRE FEED GUIDE TUBE ASSEMBLY, 
CLOSED-CIRCUIT TELEVISION (CCTV) ARC GUIDANCE ADAPTER KIT 
(LMSC/HREC 5150718) 
19 September 1969 
PREPARED BY: 
R e  search Engineer 
APPROVED BY: 
A dvan c e d D-e v e 1 o p me n t S e c t ion 
A. S, Dunbar, Manager 
Systems Engineering Department 
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SiDecification 
WIRE FEED GUIDE TUBE ASSEMBLY, 
CLOSED-CIRCUIT TELEVISION (CCTV) ARC GUIDANCE ADAPTER KIT 
SUMMARY 
tube assembly for a CCTV Arc  Guidance Adapter Kit. 
integrate a CCTV a r c  guidance system with a computerized torch angle mani- 
pulator and welding skate. The end product shall be a fully operational weld- 
ing skate with CCTV a r c  guidance capable of welding contoured and double 
contoured surface s. 
This specification establishes the requirements for  the wire feed guide 
The adapter kit will 
The system requires the relocation of the filler wire feed unit Model 
HMF-A, Package Unit 2304-0300 in order  to accommodate the CCTV camera 
object viewing lens and associated equipment needed to view the weld seam. 
To do this requires the standard wire feed guide tube assembly be modified, 
Such an  assembly is shown in Fig. 1. 
W I R E  FEED GUIDE TUBE ASSEMBLY REQUIREMENTS 
1.0 SYSTEM CONFIGURATION 
The wire feed guide tube assembly shall consist of a guide tube, tube 
l iner,  tip and tip l iner (if required). 
2.0 REFERENCE 
The reference for Fig. 1 shall be the outside plane of the nut No. 2310 
The vendor shall provide the dimensions from the reference to the wire 
1252 when the guide tube assembly is  securely fastened to the wire feeding 
unit. 
feed unit. 
3.0 LENGTH AND DIAMETER 
3.1 
measured along the centerline as shown in Fig. 1. 
length of 11.37 in. (3.00 in. radius) can be allowed as per Para. 4.0. 
The overall design length of the assembly shall be 9.90 in. (2.45 in. radius) 
A maximum overall design 
3.2 
nation inter fe r enc e. 
The length of the tip end shall be 1.50 in. to  minimize optical and illumi - 
3 . 3  
3.4 
The outside diameter of the tip shall be 0.275 in. maximum. 
The outside diameter of the guide tube shall be 0.375 in. maximum 
4.0 CURVATURE 
4.1 
the reference. 
The curvature of the guide tube assembly shall be a bend of 153 deg from 
E -2 
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4.2 The design radius of curvature shall be 2.45 inches to the tube center- 
line, but a radius of 3.00 inches maximum can be allowed. 
5.0 
6.0 
7.0 
7.1 
7.2 
8.0 
PLANE ROTATION 
The plane of feed shall be rotated 450 as  shown in Fig. 2. 
W IR E R EQU IR EMENTS 
The feeder shall feed a filler wire 1/16 inch diameter of Alloy 2319. 
LINER 
The tube l iner shall conform to paragraphs 6.0 and 4.0. 
A tip l iner  shall be provided if required, 
FINISH 
The tube guide and tip shall be coated with a flat black finish that will 
res i s t  the welder heat and minimize reflected light. 
9.0 FILLER-WIRE FEED UNIT 
The fi l ler-wire feed unit is a Heliweed model HMF-A Package Unit 
2304 - 0300. 
10.0 PERFORMANCE 
The friction of the assembly shall be such as to allow the full speed 
range of the feeder with the wire specified in paragraph 6.0. 
E -4 
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Appendix F 
MATERIAL SUBSTITUTIONS 
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LMSG/HREC D162545 
Appendix F 
MATERIAL SUBSTITUTIONS 
The following material  substitutions a re  to be made in Revision tIB1l of 
the welding torch angle manipulator. 
available and a re  sufficiently equivalent in physical characteristics. 
These substitutions a re  now readily 
Drawing Number/Name W a s  Substitute 
801 -1 -O/Compensator Beam Assembly 5083-H343 7075 -T651 
801 - 1 -3/Drive Link 71 78 -T6 7075-T651 
801-1-7brive Rod, Link 7178-T6 7075-T651 
80 1 - 1 - 15/Motor Mount 7178 -T6 7075-T651 
801-1-19/Torch Beam 7178-T6 7075-T651 
801-1-27/Servo Motor Cover 7178-T6 5 052 -H34 
F- 1 
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Appe ndix G 
MODEL 440 DIFFERENTLAL D.C. 
OPERATIONAL POWER AMPLIFLER 
LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER 
LMSC/HREC D162545 
MODEL 440K KIT 
50 WATT RMS M AB DIFFERENTIAL 
IE 
172 S. Aka Vista Blvd. 
(213) 934-3566 
AT Los Angeles, 
~~ 
DESCRIPTION 
The Model 440 Differential D.C. Operational Power 
Amplifier consists of an OPAMP 4009 driving a dual 
class AB power amplifier. There is no crossover distor- 
tion. This amplifier is intended for use as a servo motor 
or D.C. thru audio power amplifier. It may be used in 
audio applications with either a single polarity or bi- 
polar power supply. It has an output capability of 50 
watts RMS. The entire amdifier is constructed on the E+ 
octal plug-in heat sink. The circuitry is isolated from 
1- .I .In 1 -n bcD 
the case. 
ELECTRICAL CHARAC”n’n”nn 
@+EO 131 n i v w n n w  OCTAL PLUG) 
@Grid 
63 
Power Supply Voltage 
Power Supply Current (Standby) 
Operating Temperature Range (Case) 
Internal Power Dissipation (Standby) 
Open Loop Voltage Gain 
Unity -G ain Bandwidth 
Input Offset Voltage 
Input Bias Current 
tnput Impedance 
Input Common Mode Voltage Range 
Equivalent Input Drift (Rs = 10K) 
Equivalent Input Noise 
Common Mode Rejection Ratio 
Output Impedance (Open Loop) 
Output Voltage Swing/ Load 
Output Slewing Rate 
Full Power Output (-3 DB) 
Maximum Output Current 
Peak Output Power 
Maximum RMS Output Power 
k15V 
A 12mA 
360mW 
500 
2 MC 
5 1 OOmV 
0.2pA 
20 K 
+1ov 
+0.5mV/” C 
20pv 
80 DB 
0.1 ohm 
k12VI3 ohms 
D.C. to 25 KC 
10 amps 
50 watts 
25 watts 
-55” C to +85” C 
5v/.ls 
+25V 
_ _  +20mA 
-55” C to +85” C 
1 w  
650 
2 MC 
klOOmV 
0.2pA 
20 K 
+20v 
+0.5mV/” C 
20p v 
80 DB 
0.1 ohm 
- +22V/4 ohms 
D.C. to 25 KC 
10 amps 
100 watts 
50 watts 
5VIpS 
DISTORT IQN 
Total Harmonic (0.5% 
I n ter modu la t io n (0.5% 
at  any power supply voltage and output power level. 
SIZE: 4%” x 5%” x 2-518“ Seated Height 
.QO G-1 
ER SlDE FOR ASSEMBLY AND A P P ~ ~ C A ~ ~ O ~ S )  
, .%.. 
. 
+36V 
+30mA 
-55°C to +85”C 
2 w  
800 
2 MC 
+100mV 
0.2pA 
20K 
+30V 
+0.5mV/” C 
20pv 
80 DB 
0.1 ohm 
+3OV/8 ohms 
5VIpS 
D.C. to 25 KC 
10 amps 
100 watts 
50 watts 
ASSEMBLY LMSC/HREC D162545 
MODEL 440K SCHEMATIC DIAGRAM TYPICAL APPLICATION (Gain = 11) 
Operational Power Amplifier (50W. R.M.S.) 
I 
3 
10K 
b 
+24 VOLT POWER SUPPLY (Full Wave) 
115" 
Line 
Available as Model 523, $30.00 
3%" x 5%" x 4%" , +24V @ 2 Amps 
c-2 

